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The development of new technical methods of measuring the
hydrogen-ion concentration of the skin and new drugs which alter
the acid-base balance of the body presented an opportunity to
study the relationship between the acid-base balance of the skin
and its bacterial flora.
Sharlit and Scheer (1923) used the colorimetric method. Shade
and Marchonini (1928) measured the pH of the skin surface by
the electrometric method using the hydrogen electrode and later
a quinhydrone electrode. Levin and Silvers (1932) worked with
a micro quinhydrone electrode. All these workers found the
pH to be between 5.0—6.0. Each method was an improvement
upon the former but all were subject to error due to the oxidizing
and reducing agents of the skin.
Among more recent workers Blank (1939) used a glass electrode.
He found exposed areas of the skin ranged from a pH of 4.0 to
7.0 with most readings between 4.2 and 6.0.
Blank (1939) using a glass electrode and vacuum tube potenti-
ometer reported the pH of the skin surface to range from 3.0 to
6.5. Various skin areas in young adult males and females were
studied. The females showed greater individual variation than
males and a slightly more alkaline reaction than males. Similar
results were recorded for girls and boys between the ages of three
to fourteen years. Considerable daily variations were recorded
in the pH of the skin surface of the srms in young women.
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Pillsbury and Shaffer (1939) used a small glass cup applied
to the skin surface, containing distilled water for control tests,
and employed colorimetric indicators for the pH determination of
the fluid after thirty minutes contact with the skin area. Their
results do not differ from those obtained by using other methods
for hydrogen ion determinations.
Marchonini and his co-workers published a series of articles
(1938—1939) discussing the acid coat of the skin and its defence
against bacterial invasion. There were varying regional differences
of pH from 5.2 to 7.36. These differences they believe to be due
to the varying character of sweat gland secretions and differences
in evaporation. When seeding the skin with cultures of B.
prodigiosus they found subcultures taken from the acid areas gave
the poorest growth. Turning to a study of endogenous bacteria
they recovered the normal flora by means of a glass bell method.
On plating out they found the acid areas gave 200 colonies,
while the alkaline areas produced as high as 4,000 colonies. The
alkaline areas produced a greater number of bacterial types.
Dole (1935) explains the theory of the glass electrode. Simply
it may be stated: If two solutions are separated by a thin glass
membrane there will be a difference in electrical potential between
the two sides of glass. This is proportional to the ratio of the
logarithms of the hydrogen ion concentration on the two sides.
Since the hydrogen ion passes directly through the glass, the
glass electrode potential is entirely unaffected by oxidizing and
reducing agents.
The introduction of metrazol and picrotoxin in shock therapy
treatment of psychotic patients provides the opportunity to study
the disappearing rate of bacteria in conditions where the acid
base balance of the individual is greatly altered.
During these treatments the patient has an attack simulating
a major epileptic convulsion. There is first the aura followed by
clonic, then by tonic and again clonic contraction. Low de-
scribes the appearance of the patient under the treatment as
follows: "During the tonic phase the face is flushed; the flush
may extend to the abdomen. As the clonic phase sets in, cyano-
sis develops and continues throughout the clonic spasm, and
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sometimes beyond it. Coincident with the cyanosis, the flush
turns to pallor. Usually, the pallor is followed by a period of
apnea, which lasts a few seconds—sweating, if present, is seldom
profuse—as a rule the entire spasm is over within about sixty
or seventy seconds."
During these treatments a series of blood chemistry studies
was made. In every case the blood pH dropped from normal
to well in the acid range. The carbon dioxide content also drop-
ped sharply following the convulsion.
MEANS AND STANDARD DRYTATION FOR pR
AND CARBON DIOXIDE CONTENT
Ten a1ient treted Ten control patients
pH, fasting
After 10 minutes
After 1 hour
After 2 hours
C02, volume per cent:
Fasting
After 10 minutes
After 1 hour
After 2 hours
7.34-0.023
7.17—0.048
7.29-0.028
7.32-0.036
57.5—6.70
34.1—6.42
47.1—5.70
56.4—4.52
7.35-0.035
7.34-0.031
7.33-0.044
7.34—0.343
56.6—3.80
59.7—5.97
59.3—4.04
57.4-5.82
A convulsion resulting from either metrazol or picrotoxin caused
a marked drop in pH and carbon dioxide of the blood.
A glass electrode was constructed by the Coleman Electric
Company and used with the Coleman Electrometer. It is a
sealed electrode having a solution on the inside of a constant
pH separated from the skin by a fine glass membrane. When
applied to the skin the difference of the potential developea, gave
the exact readings of the pH of the skin. Plate I shows the
construction of the Coleman glass electrode.
The reference electrode is a saturated calomel type. This is
sealed and placed in a saturated solution of potassium chloride.
The irritating effect of pctassium chloride on the skin made it
necessary to introduce an agar bridge between the calomel cell
in the potassium chloride and the physiological saline to contact
the skin. A pledget of cotton in a glass holder in a rubber tube
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Lead wire
Therrrio -p1atic
Hermetic 3 cal
Insiilatin 1etzve
tcrn. la
/1—flernietic sealA -A ClChloride buffer
pH 1a$
PLATE I
COLEMAN GLASS ELECTRODE
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leading to the calomel half cell completed the connection from
skin to electrode. The two electrodes were placed one centimeter
apart on the skin.
The area swabbed was on the flexor surface of the arm and the
pH was taken adjacent to this area. The arm was wrapped with
TABLE I
BACTERIA PER
TIME SKIN pH SQPARE INCH OP BLOOD pH BLOOD COz
SKIN
9:03 90 7.48 55
05 4.80
07 5.08
09 4.73
12 150
15 5.18
17 120
19 4.44
23 4.60
27 Metrazol
32 6,700
33 7.20
35 6.60
37 6.00
39 7.12 27
40 5.80
43 5.70
45 250
47 5.60
49 5.80
51 350
52 5.91
10:10 7.43 51
sterile gauze to prevent the area from becoming contaminated
by the bed clothes and the attendants' hands when it became
necessary to restrain the patient. Then pH readings were made
at two minute intervals for a fifteen minute period before medica-
tion was given. Areas were swabbed for endogenous flora during
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this time. The swabs were placed in 10 cc. of sterile saline.
One cc. was plated out as before. After the convulsion, readings
TABLE II
and swabs were made as near the two
patients conditions permitted.
minute intervals as the
PATIENT
K
A
W
BEFORE METRAZOL FOLLOWING METBAZOLREACTION
pH determination Bacterial count
pH deter-
mination
6.0
7.18
7.18
Bacterial
count
1,800
4,810
46,400
Number of Averett
12 I 4.81
6 I 5.63
14 j 5.83
Number of Itt i Average
4 150
3 I 113
4 82
TABLE III
SKIN pH
BACTERIA PER
SQUARE INCH
OF SKIN
BLOOD pH BLOOD CO2TIME
8:45
46
49
50
52
53
57
9:00
02
03
04
05
06
07
09
10
11
12
9:57
5.82
6.18
5.69
5.30
Metrazol
5.38
5.50
5.58
5.53
5.38
5.18
40
50
50
80
90
40
7.41
7.23
7.42
58
39
60
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Table I records the complete observations on one patient for one
experiment: the time, pH and endogenous skin flora with the
pH and carbon dioxide tension of the blood. It will be noted
the pH of the skin changed from pH 4.6 to 7.2 within five minutes,
and the number of bacteria on the same skin area increased from
120 to 6700 in the same period of time. A resume of the results
obtained on three patients is given in table II. Two other
patients who did not show a demonstrable alteration in the pH
of the skin did not have an increase in the viable endogenous
skin bacteria. One of these patients was tested twice with the
same results, as shown in table III.
DISCUSSION
When speaking of the pH of the skin it is correct to assume that
we are speaking of the aqueous solutions which bathe the skin.
The glass electrode being able to make readings as close as a
quarter of a minute interval is useful in demonstrating the
dynamic activity of biological rhythm pointed out by Petersen
(1934).
The acid coat of the skin (the stratum corneum) described by
Marchonini exerts an influence upon the endogenous flora residing
on this surface. Sudden changes in acid-base equilibrium of the
surface of the skin are accompanied by equally rapid alterations
in the number of viable endogenous bacteria. The short time
interval precludes the possibility of multiplication of bacteria.
The influence exerted can be best considered as inactivation,
inhibition or some bacteriostatic factor. The greater the pre-
dominance of the hydrogen-ion, the fewer the viable bacteria on
the skin. The alkaline phase causes a release, neutralization,
or inactivation of the bacteriostatic factor and more viable
bacteria can be demonstrated on such areas of the skin surface.
It may be possible that the physical alterations in the cornifled
layer due to the increased alkalinity play a role in releasing
bacteria which may adhere to the more acid reacting keratinized
tissue layer. The alterations in the electrical charge may in-
fluence the equilibrium between bacteria and the cornified layer
resulting in a change which may in part explain these observations.
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SUMMARY
The endogenous bacterial flora and hydrogen-ion concentration
of the skin of patients immediately following their reaction to
metrazol treatment were studied. Those patients showing an
alkaline phase of their skin had an increase in viable bacteria
above those found during the acid phase preceding and following
the reaction to metrazol.
The authors wish to express their appreciation for the co-
operation extended by Dr. A. A. Low of our Department of
Psychiatry.
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